Introduction
Dendritic cells (DC) are professional antigen-presenting cells (APCs)
, unique in their potency in stimulating primary immune responses with establishment of memory [7] . Immature DC in the periphery classically capture bacterial and other pathogenic antigen through their expression of pattern recognition receptors. These DC also process and present antigens, via major histocompatibility complex (MHC) apparatus, to T cells in secondary lymphoid organs [8] . This 
process results in proliferation of T-helper (Th) cells, which can have effector or suppressor actions, depending upon the stimulation received. Cytokines produced by DC influence both T-cell differentiation and function. DC also drive regulation of central and peripheral tolerance to self-antigen.
We have previously shown that a reaction mixture (RM) for MG-glycated peptide blocks up regulation of the maturation marker CD83 on DC and reduces their ability to stimulate T cells in allogeneic culture [9] . We now show that these effects are caused by MG itself and further characterize immunomodulation by this glycation precursor.
Materials and methods

Preparation of AGE peptide
The RM was prepared as described previously [9] . Briefly, angiotensin I peptide (2.4 
mM) was incubated with MG (0.25 M) and 0.02 M sodium phosphate buffer (SPB) in a glass vial (37ЊC, 24 hrs) and stored at 4ЊC.
Analysis of reaction mixtures
The RM was analysed on Micromass TofSpec 2E MALDI-TOF mass spectrometer, as previously described [9] . The RM contained starting peptide, peptide-MG-hydroimidazolone adduct (ϩ54 mu) plus one by-product of unknown identity, 45 mu below starting peptide. A low level of endotoxin was periodically confirmed using LAL Endosafe™ kit (Wilmington, Charles River, MA, USA).
Isolation of peripheral blood mononuclear cells
Peripheral blood mononuclear cells (PBMC) were isolated from human venous blood, following informed consent, as described previously [9] . Briefly 
Culture of cells
Freshly isolated PBMC were cultured with SPB (2 l/ml), RM ( 
Flow cytometry
Surface Ab labelling was performed in FACs buffer as before [9] . For intracellular staining, before fixing, the cells were resuspended in 50 l Leucoperm A (Serotec) diluted in 100 l FACs buffer (15 min 
Statistical analysis
MG modulates cytokine production by myeloid and T cells
Before discovering that MG was the modulatory component of our RM, we had shown that RM could inhibit stimulated cytokine production from both myeloid and T cells. (Fig. 6) . (Fig. 7B) . [9] . This RM could be seen by mass spectrometry to contain both MGderived hydroimidazolone peptide and unreacted peptide, so we assumed that all of the highly reactive MG had been exhausted. However, MG binds initially reversibly to proteins, with flux in and out of solution [10] . We thus reconsidered that it may be the residual MG in solution that is driving immune modulation by the RM. We show here that culture of PBMC with MG indeed caused equivalent block of CD83 expression and loss of DC stimulatory capacity to RM and that CD83 expression could be recovered by pre-treatment with the MG scavenger NAC, in both MG and RM cultures. NAC is also a free radical scavenger by virtue of the same thiol group that is used to react with MG. It is thus possible that NAC confers some antioxidant benefit to cells, aside from removing MG from the system. Also, adding the equivalent RM without MG (buffered peptide under reaction conditions) has no effect on cellular protein expression [9] . [11, 12] [19] , impaired T-cell proliferation in a rat model [20] and commonly, reduced IFN-␥ production at the onset of disease [19, [21] [22] [23] [25] . Depending upon the configuration and environment of proteins, some residues will be more prone to attack from MG than others, creating 'hot spots' for glycation [26, 27] . Such damage is likely to affect the structure and function of many physiological proteins and enzymes, not just in an immunological setting. Bioinformatics analysis of receptor binding domains has shown that arginine and lysine are the most common amino acids at such sites of protein-protein interaction [28] , and MG has already been implicated in the inactivation of cysteine active sites in cysteine proteases [29] 
Myeloid cell cytokine production PBMC cultured with buffer or RM for 4 hrs showed low spontaneous production of the Th2 cytokine IL-4, the Th1 cytokine IL-12 and the immunoregulatory protein IL-10 by each of the CD14
third column) responders (CD19/CD14/HLA-DR-depleted PBMC) after a 5-day culture with LDC stimulators (non-adherent myeloid cells enriched for DC). Previous to culture, responders and LDC were treated or not treated for 2.5 hrs with sodium phosphate buffer (BUF) or methylglyoxal (MG) and untreated responders were mixed with treated LDC and vice versa. First column shows forward and side scatter properties of 5-day cell cultures and columns 2 and 3 show the CFSE and CD69 expression of CD8 ϩ and CD8 Ϫ responders, respectively. Final column shows CFSE fluorescence of the total gated population of cells (triangular gate on light scatter plot).
Fig. 3 MG within RM drives altered cytokine protein expression. (A) Mean relative numbers of IL-10 high CD14 Ϫ (black bars), CD14 ϩ (white bars) and CD14 ϩϩ (grey bars) myeloid cells from PBMC cultured for 4 hrs with sodium phosphate buffer (BUFFER) or reaction mixture (RM) plus monensin with (stim) and without (unstim) 1 g/ml of LPS. (B) Mean relative numbers of IFN-␥ ϩ and TNF-␣ ϩ CD8 ϩ (black bars) and CD4 ϩ (grey bars) T cells from PBMC cultured for 2.5 hrs with buffer (BUF) or RM plus a mixture of monensin, PMA and ionomycin. Extension bars represent standard deviations of means from three experiments, and P-values are given from paired t-test comparisons between treatments.
Fig. 4 Numbers of T cells and concentration of TNF-␣ in supernatants after stimulated culture. (A) Mean relative numbers of CD8 ϩ (black bars) and CD4 ϩ (grey bars) T cells from PBMC after 2.5 hrs of culture with either sodium phosphate buffer (BUFFER) or reaction mixture (RM) plus a mixture of monensin, phorbol ester and ionomycin in three similar experiments. Extension bars represent standard deviations of means. n/s ϭ not significant. (B) Mean concentration of TNF-␣ from the supernatant of PBMC cultured for 2.5 hrs with (stim) or without (unstim) phorbol ester and ionomycin plus either sodium phosphate buffer (BUFFER) or reaction mixture (RM). Extension bars represent standard deviations of means from triplicate wells in three similar experiments, and P-value is from a paired t-test comparison between treatments.
Fig. 5 MG within RM drives altered cytokine mRNA expression. (A) Amounts of mRNA for TNF-␣, IFN-␥, IL-10 and housekeeping gene UbcH5B from CD3 ϩ (positively selected by magnetic bead separation) PBMC cultured for 2.5 hrs with PMA and ionomycin plus RM (grey bars) relative to buffer (black bars, given as Ϯ1 in each case). Extension bars represent standard deviations of means from three experiments. (B) Mean relative amounts of mRNA for IL-10, IFN-␥ and TNF-␣ as well as the housekeeping gene UbcH5B in CD3 ϩ cells from PBMC cultured for 24 hrs with either sodium phosphate buffer (black bars) or reaction mixture (grey bars) plus a mixture of monensin, phorbol ester and ionomycin (last 4 hrs). Amount of mRNA in reaction mixture culture is shown relative to buffer culture (in each instance given as Ϯ1). Extension bars represent standard deviations of means from three similar experiments.
Fig. 6 Loss of IFN-␥ production can be attributed to MG. Figure shows example test histograms for analysis of IFN-␥ protein within CD8
We previously showed that an RM for MG glycation of peptide could block up regulation of the DC surface protein CD83 and reduced DC potency for T-cell stimulation in allogeneic culture
We present data showing that RM blocks stimulated production of IL-10 from myeloid cells and of IFN-␥ and TNF-␣ from T cells. Cytokines produced by myeloid cells can influence those in T cells that they stimulate
